Scale infested kiwifruit continues to be a problem despite regular monitoring and spraying. Shelterbelt trees may be a source of scale insect infestations in kiwifruit vines. A survey of armoured scale insects in 12 common species of shelterbelt trees used in kiwifruit orchards was carried out. Bark samples were removed and the density of scale insects and species composition was determined. Japanese cedar as a shelterbelt species is unlikely to be a significant host for scale insects whereas Balsam poplar, willow and leyland cypress were more likely to host high populations. Shelterbelts in Northland, Auckland and Gisborne generally had higher levels of scale insects than the same species in the Bay of Plenty and Nelson. Greedy or latania scale (Hemiberlesia spp.) was found more frequently than oleander scale (Aspidiotus nerii).
INTRODUCTION
Greedy scale Hemiberlesia rapax (Comstock), latania scale Hemiberlesia lataniae (Signoret) and oleander scale Aspidiotus nerii Bouché are the armoured scale insect species most commonly found on kiwifruit in New Zealand (Berry et al. 1989) . Despite regular monitoring and spraying of scale insects in kiwifruit blocks, scale-infested fruit continues to be a problem in some export markets.
Adults of greedy, latania and oleander scale insects lay eggs that hatch into mobile crawlers which then disperse by crawling and/or by wind currents before they settle, moult and lose their legs. The immigration of scale insects into kiwifruit vines from nearby host plants has been demonstrated by Blank et al. (1990) .
Armoured scale insects have a wide range of host plants (McKenzie 1956; Spiller & Wise 1982) which includes many tree species used as shelterbelts around kiwifruit orchards. Some shelterbelt species may be more suitable for scale insect development than others and therefore harbour higher populations. In order to identify species of shelterbelt trees that may contribute most to scale insect populations in kiwifruit, a national survey was carried out.
METHODS
In January and April 2001, bark samples from 12 shelterbelt tree species in six kiwifruit growing regions (Northland, Auckland, Eastern Bay of Plenty, Western Bay of Plenty, Gisborne and Nelson) were collected. Within each orchard, ten trees within a shelterbelt adjacent to kiwifruit vines were tagged and sampled. The species of shelterbelt trees and number of orchards from which each species was sampled are shown in Table 1 . The same shelterbelt trees were sampled on both occasions. A thin section of bark (approximately 50 cm 2 ) was removed using a knife drawn down the trunk at approximately 1-2 m above the ground. Individual bark samples were placed in plastic bags and stored at 18°C until assessment. The numbers and species composition of scale insects on bark samples were determined using a stereomicroscope. The colour and shape of the scale insect cap was used to distinguish between greedy or latania scale, and oleander scale. Greedy or latania scale is close to conical in shape with the brown exuviae (or central 'plate') towards the edge of the scale cover. Oleander scale is flatter than greedy or latania scale with pale yellowish exuviae situated centrally on the scale cover (Morales 1988) . To reliably distinguish greedy scale from latania scale compound microscopic examination of mature females is necessary. Latania scale has perivulvular pores present while greedy scale does not (Morales 1988) . Any live, mature scale found was slide-mounted in lactic acid and examined for diagnostic characters.
The area of each bark sample was also measured using a transparent 1 cm 2 grid to obtain the number of scale insects per unit area of bark.
The numbers of scale insects per unit area of bark were compared between shelter species and regions using Analysis of Variance (ANOVA). Least Significant Differences were calculated to separate samples if the ANOVA indicated significant differences (P<0.05). All analyses were carried out using the statistics software SAS (release 6.12).
RESULTS AND DISCUSSION
Total numbers of scale insects on the samples are reported, even though most of them were dead when sampled. The presence of high numbers of dead scale insects is a function of the plant part that was sampled. Scale insects remain firmly attached to plants even after they have died. While dead scale insects on leaves are 'lost' when leaves drop, dead scale insects can remain on woody parts of the plant for long periods. The presence of dead scale insects on bark therefore provides a historical view of host plant suitability that is not as influenced by the time of the season as samples collected from leaves or fruit. The average area of bark sample taken was 43.9 cm 2 . All results are presented as the total number of scale insects per 50 cm 2 of bark. Combining results from all regions, there were significant differences in scale insect infestation of different shelterbelt species (Figs 1a & 1b) . Armoured scale insects are very polyphagous and appear to be capable of developing on almost any woody plant (McKenzie 1956 ). However, like any polyphagous insect, development is faster on some hosts than on others (Grout et al. 1989) and also sometimes on different parts of the same plant (Carroll & Luck 1984) . While some shelter belt species are capable of hosting high populations of scale insects, they do not necessarily do so in all situations. Results from individual shelterbelt species within a region were highly variable (data not presented). The patchy nature of scale insect infestation means that it was not easy to categorise individual shelterbelt species in terms of their absolute risk of contributing to scale insect problems on kiwifruit vines. Although no scale insects were recovered from pine and feijoa shelterbelts, these trees have previously been listed as a host plant of oleander scale (Spiller & Wise 1982) and greedy scale (Anon. 2002) respectively. The absence of scale insects on pine and feijoa may be due to the relatively few samples collected from these species during this survey (only eight pine and four feijoa shelterbelts were sampled). The lack of scale insects on cedar can be asserted with greater confidence as 22 cedar shelterbelts were sampled from the six kiwifruit growing regions and the presence of scale insects would have been expected if this species was a suitable host. Balsam poplar, willow and leyland cypress appear to have a greater risk of having relatively high infestations of scale insects. Lombardy poplar, which is known to be a principal host of latania scale (Hill & Allan 1990) , did not harbour high levels of scale insects in this survey, probably because many of these shelters are routinely sprayed specifically to control scale insects. In general, infestations of scale insects on shelter trees in Northland, Auckland or Gisborne were greater than in the Bay of Plenty or Nelson (Tables 1 & 2 ). These regional differences may at least be partially influenced by climate. Scale insects generally have two distinct generations each season (Blank et al. 2000) , but higher summer temperatures and prolonged warm conditions in autumn may result in a partial third generation with a further period of crawler release. A temperature-driven simulation model of greedy scale development on kiwifruit predicted scale insect populations after 170 days to be 80% greater at Kerikeri in Northland than in Nelson (Greaves et al. 1994) .
Greedy or latania scale were more frequently found than oleander scale in all regions (Table 3) . As the majority of scale insects collected from bark samples were dead or immature, most could not be identified beyond the genus level. Most of the scale insects that could be identified to species level (n=53) were from Northland and 90.6% of these were latania scale. Only one greedy scale was identified from Auckland, and eight from each of the Eastern and Western Bay of Plenty, and no latania scale insects were found in these three regions. A single live mature scale insect from Gisborne was identified as latania scale. The extent to which 'scale invasion' of kiwifruit from adjacent host plants contributes to high scale populations within the kiwifruit vine is unknown. Blank et al. (1990) recorded a peak scale invasion level of 8.7 scale/100 kiwifruit leaves per day and noted that scale settlement was higher in kiwifruit plants closest to other host plants. Scale invasion can be reduced if badly infested host plants are removed or regularly sprayed after trimming (Blank et al. 1990 ). However, the issues of conserving natural enemies of kiwifruit pests on shelterbelts (Charles et al. 1995; Hill & Allan 1989 ) and minimizing the risk of pests becoming resistant to insecticides (Suckling 1984) need to be carefully considered prior to any spraying of shelterbelt trees.
The next important step in this research would be an attempt to quantify whether or not the different shelterbelt species affect scale populations on the adjacent kiwifruit by comparing orchards having the 'low-risk' Japanese cedar shelterbelts with those orchards planted with shelterbelt species that were identified as more suitable hosts of scale insects.
CONCLUSIONS
This survey identified Japanese cedar as a shelterbelt species that is unlikely to be a significant host for scale insects. Balsam poplar, willow and leyland cypress were identified as species most likely to host high infestations of scale insects. Greedy or latania scale insects were more common than oleander scale insects on the bark of shelterbelt trees in kiwifruit growing regions in New Zealand.
